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Souion is transittion of an article A R. Frao ,

R. homssen and H. Pxth in the C-ear-annla. 'wae Journal
D~euttrQe DiegiztnISQ2h :'.."honsch.i• (Garman Hadiclo~

RAPXD ACTI=E IZATIO= AAINST TSTA0S

Acooran.• to mw authors (1, 2, 3), sm•iltaanoua Inoolation
rep-•esonts todqy, in cases of In44y, for nonitunized or Insuffi-
olently Irra±r:1ad persons the method of choica for tatamas prop.•y.Vads.
It consigtc as a rale in the more or less sLnaltaneous btt loally
seyparted irjootioa of at least 1,500 Int.rnatic.nal units of tetanus
atito-Un and Of a dose of tetazus acoir.e. ketive tetaus 4 M=1nsa-
tion init!ated vith the first injection of tetanus vaccine -a usually
oor:lezvited b7 the Unaeotion of a second dose of vaoelne 4-6 weeks
later. The second dome of vaccine must not be muitted and manp if
absolutAely zaomassar, at most be aonewhat .retArded.

The purpose of siu.ltaneous i=mnization is evident. The ad-
--ivatratio:- of antitoxlca provides the patiant in the shorztest inter-
vL. of time •dth a certain conoentration of antitoxin. towever, the
latter ba3.ns to drop i=nedat7ly alftr crezatio in aoo-rduce with
ar exwcpnotial law. To this is due the short duration of this pas-
sive Protection. T7$e sirltaneoenly induced active ±Immr.±satior. has
the purpase of relaoLn tIhAe receding passive Iamanity as fast as
possible by active ir=uAiy. Its advantages beomse effective prima-
rily only for eventaal later injuries because we san forego an ineoo-
tI=on of .ntita0in and therefore avoid the risks in conneetion -wAth
.h,5 Injeotion of animal saera (anap2lactic shook, alle.-oi shook,
serim disease). If the siamlta-eoui inoculatiot was tried out as
pres.cribed, i. a. if it consisted of at least two injetions of vao-
asin in addition to the injaetior. of ar.titoan, in a possible later
new injury or oter exposure depend••n on the point in time of its
occur.r.ce, either no specific prophyUotlo measures are eafected or
a dose of vacene is given (booster injeotion). Anyone who decides
to mAiZster Un prieiple the vaccine in a new injury. canot comwt
an irror.

It is ooescaoally regurded an a oertain disadantage of active
iunmmsatioA that a relatively long inteval seems to ela*pe unt•A
it leads to a eoeeeentreten or antitoda reapred as ot sufficient
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sttbi1itY. As & =!e, this is the case oary a fca days after the second
izjectlon of vaocine. if heatthy i.ndividuals ara ImMMized, this dis-
adva-nt=,% is of to siSr._fioanoe. Th* case is different ir si=ultcneous
InOooul&tion.l. It is hero desired obviously to 'nave a method of active
±:.uniztion whioh Iemds so q'lackly to 'he fo.mation of t etanus anti-
t-.n tat it N .i sill berf.t the lzte totac s cease. There is hardly
azy dobot that t:e present ;o.- o. sziultaxaous prophyl• ds is not
able to acconpizh this. However, no faots are known wacih would have
to be ±nter~reted in another sense. ?c*.aps it is Impossible in prin-

ciple to conver.- a recoding heterologoias passive im==nity into CtoLve
-=m-ityj i4thout aey gap. low-ever thic may be, the cituation has in- 1
4ced us to .vesAatte if it 13s porsible, by c.angiag the customary

inel.evals of inoculation with or w-thout increase of the Injections,
to obtain adecuate aztitcodn concentration in the blood earlier than
othearwse. The follewina reports on the results of the findIngs.

MEateria2. and Yethods

vlambers (---Os) of the Geonat Rlad Cross an Freiburg/Br. volun-
teered for the !_ivestigation. No groups of 1.6-17 each individuals
-:are for=ad for whon a basic irm•eiation with tetanus vaccine had
nelther begun *r tarxmdatad. :•one of the Individuals had suffered
fr=o' tetanus. Some oa the individuals had already been Immur.1sed pas--
sively once or several t1mes. The last adminstration of serum then
was always =ore *than 4- years In the past. The distribution of age
Vas as follows, 13 indivichials from 14-.20 years; 6 Individuals from
21-25 years; 5 idi1viduals from 26-33 years; and 9 Irdt.-duals from
345-4 yrs.

Yr i.=mnization, we utilized the a .miium hydroaies adsorbate
toxoid rtstanol" of the BehrinZ plants, .Arburg/L. The vaccine had
the cortro.l No. 44 and .had been tested in the Paul-.rlioh Institute
on 17 October 193?. 0.5 %1 of the vaccine contained not less than
?. MU. Irnno.ultion began on 10 July 1958.

The vaocine was W.raeoted suboutaneously and alternately in the
subdeltoid regon of both arms and, for some individuals, also in the
InfralAvioular region It the infltrations in the upper am were toolarge.

Group 1 comprised 16 individuals, each of which received 2
tQoXid in-0etions at a& interval of 10 days. 1.0 ml were injected
on the fArst and 0.3 ml "tetaeol" were injected on the tenth day.

GroW p comprised 1? Individuals, each of which received 5
toxod Injections at inte-vals of 2 das ea"h. Injectionons o sted
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of 1.0 al on the firat and 0.5 =1 of "tetanaol on the third, f91M,
seventh and ninth da•.

Evaluation was effected through sara antitowcLn datbrmination
in nice. In addition to the blood speelmen prior to vaooination, sumc
specimens were taken on the 13th, 19th, 39th, 69th and 129th day after
sta.t of vaccination and, Iin Goup II, additionalwy on the ninth day
after the start of vaccination. Determiatio of antitoxin titer was
carried out in the custary manmer by emipoying test toxin and
standard antitoxin. All indications of titer are in international
units per =m.

Table 1 and 2 contain the data on antibody conmentratton mea-
sured in the sera of the individnals obtained at different times sub-
sequent to vaccination. Group I reached a mean antibody titer of 1.84
x 10; lU/nml 20 days after begin of vag.ination and after subsequent
steep rise, a titer of about 2.5 x: 10I' XUml on the 39th day. As
lons as exmwndation took place, 2o frther essential change occued
during the fo'lowig four months.

Table 1. Antibody titer individuals injected with "tetanal
In Group X. In XU/rmi 2ema

VALt 01M e --. . 70101 - '. 0" 0

VOL II .001 - p Q.0 .11 0.0 0A.• FIt. 11 0.00t -- U0l " .001 0.00 ",.57. A. t 0.001 C- A -

XI. II 0.002l -- . ,0001 0.001 0.0 0.05XL. i1 0,001 -- 001 06t . -

2A *- -O 0.0 #A .I0.L. 2 0.00 -- AN0 IX0t .0.,
A. 0.001 CAI -- 0.00.

F.A. U 001 -opt 0.001 0OM - 6
ZA. N AN, S OM
DL. 81 0.00 .0 .01 06012 @A0 03

-- L 33 ot opt OM OMo

X.X 34 9.002 001 0.41M 006 000*
ILL 36 M01 OM .0 . 001 0.2 SA4*
TM. a 0.002 O- am1001 0.26100
0.3L 001 "0a on ON O006 .0 .&

-' - -6 1.0 X--&1Xi, U "

a -- ua= ; b a- ge; - before uatim &i - 9th, OUe dals
k - gemeotriol mean vales.

w 3.ai
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Table 2.. Antibody titer of individuals in Group II
injected with ftetanol", in r/lu serum .

NMa AgElL M9th W day 13th day 19th day 39th dwt6M day' day

NLP6 14 CAI0 ~ Oa 1002 CA0 0.1 #A 9
I .• I Gt O 0. 0 A @V.316 15 M00 91013 101 -* to .0.5 10
&P IC_ OAS0 am0 *06001 2.1 1.4 US
0.0. 1: 00I OM 06001 061 UIS
P. W." Is 0 Q901 am INA 5 11A

I 1 ' W3 oM0 0,o001 OA 0A

WILo 21 M0.11 U 000LII. 17 *.550 Ox40 0001 0.0 U08 .
i.K 21 OM O.03I~ 0001 1140 CA2 06,D.o GA OAII 9.2I I

131 4'001 003 00 01 Do.0 0.2 0
P.. 2X %"1 1002 4411 0"1 02 OA 11L.w. 34 *, M-- amO !
3.1. 42 41"0 1 Sol0 OAS IS. 061 - IN
OLW. 0 opt0 opt OM0 5.05 O.6 0.00
I.~gj~J~rU~r 1.0KW' W% 0 4O1' UKI' UKS'AXI .5W

tE

The cause of &n~titod fono+Ati in Group nI was simlax but
*the steep rise set in earlier and reached prior to the 2Dth day a
value above -the mean value of QOap I and rpse farther to 7-8 times
of the va.Lue of Group I, :.e. 1.5240 x l 3/,,,a.

Aawothe pioatue of the diffoting effeat of the tv' methods of
im.auiisation is oftgred. the oocsduation of the indi•idual titer
ourves within the two • Up&.* In &cup I, the individuals reomtd i
nvLduaay rather differently in regard to the seed and actent of

antibody fomation. Zn Group n. this behavior gives may to a More
u~nifm type of reaction with a such masler idvidua.l qPnead.

If we assn= a oonoenztraton of 0.005 MU/ai aa±toxida as the
lowest value Ufordirg proUction against an Ino d.oation U it Ma
occur in mn as the onsequenoe of an inzTj o then the balk of the
indivi~duals of OGroup 3 reached this limit alrea4 prior to the 20th
day after the start of Inwdunsation, lee. 13 out of 17 individuale.
In roup x, oay 4 of 16 winvdi -als reached this valuo prior to Uhe
20th day, 9 out ot 16 onay after 30 days. Te reaIons 4, Poue
In Table 3.

The linVaa1 vlaues wore obtained b I nterpolation. 'de
obtained, as aver e*Upsed interval for aeseding 0.005 3lU/mi
35.5 d"I in GrOp X aUd 204 days ID rou p M lWth & mean quars-
tic deviation ot 91 a 15.35 Mav N * ?-3•) • the d*Pee Of freedOm

q 25 z2 a e 1 we gObtl a dW"'M0e of tbe ames Vabo Wbich
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camot be regardod as randm (t - 3.6 at a P0.001 of 3.63). •oe
diaferetce In the variations of the Wividual value oan alo be de-.
terined eWactly. and can no longer be regarded as randon:

2

Table . DM.tribution of intervals after which 5=.11idula
titers reaohed or exceeded o.ooS zU/ml

TWa d 4.. s-as s-• 3 5-0 over 30

V. As Ias. ai.

a "day after start o f voc@•/ ation; b -- oup I at 0.00o Zu/•il
oa- Oravp 32 at 0.05 Z9/u2.

A. firAings, we can new Ir.loate that oey 19% ot Group I had
reachsd the critioal limit of 0.005 ID/ai on the 19t daT after start
of 4n-niation whereas 80% of A.cup n wer already proteted at this
point. Yioreevs, the oritial limit Is reached mora ur•onzuy iAU.

Thromoaut the entire ccpeaivantal serAes, noa comp ations
&ae to vaocination occurred In ars A• vdi l A woueld hYe roneed
the aspability for week. 0esere3y, only loads reddada @@P~rrd
atl the point of vaorina~om *Ah exceeded the ftamaetew of 4-3 m only
In infrequently cases aa smetiwes chanaged Into sommat larger Sib-
filtrates. four muthe after stirt of ismAtIm, the points of
vacclnation no loni* shamd ar observable sAps.

A so-cailed basic or fWadatice iawiutiam apinat totaws
consAsts of two eetions of vaccine vbih ans gemerely admiisteed
at an iyterval of at isaut- 4- weekr. t this iterma l Is bserved.
It aw be anticihated that, a fW day after tpe see -- jeettsm.
a hi aisesntage of a pw rog I aas ,-saitative %tl have,

taau"la aM M t ;eae as e•Ae•ent.

fev releable Sfeat as sa be fne aa In eratu% ot t&*



condition under which shorter Intervals between two injections are
suTflcicrnt in order to achieve the desired effect. t would here be
necessary first to define what isa meant by desired effect. It is ca-
coivable that this ef•cft nay be considered as reached in some cases

when, at a shortened interval of the two injections, the antitoxn
concentration considered as adequate may perhaps not be deterrtned
one week a!ter the second injection but perhaps two, tbree cr foin'
weeks later. In other words, there arc situations in which it is
relatively unimportant vhen the antitoxin threshold considered as
nccessary is exceeded 4nd where we &a only concerned that this be
the case. For example, this can be the ease if healthy individuals
are availblo only for a reltively short time LAcarrying out the
vaocination. Cn the other hand, situaCtns may be Imagined, as is
shown br the example of simultaneous vzoaLntiLn In the case of
in my. in which it in important not only to o*pleo+ active irmn•wua,
tion itself In a short time but to eoeed moreover the critiool anti-
toxin threshold of the tlood as far as possible. Another question in
this connection is the one whether, in the case of nn-i.'mnized and
injured patients, we can pwuit the admidstration of antitoxin as
suoh and attempt to acbiee the desired result instead by giving toxoid
injections.

In order to obtain • ome information am the questions outlined.
we carried cut active te•terms 4imsiauaticm cn two groups of indivi,-
duals. A series of prootliei v1ilipints were docisive for the eagweI-
matel arrangment. U% utillmd tetams sdmsz.ate Vaecine for the
first and send Snjeetieons alo L-thegh this pto~ros It not •a•es-
sarily to be roarded as optImum fre a theoretical standpoint.
D'Ant= and Piazszi (4) have sham that it in possible to obtain mah
higher antitoadia titer It only the firt Maoolatien is performe With
adsorbate vaccsne and the later aeeUons with 14udd toxzod free
of ad.)avants. This oorrespamds to the genetral rules of Sinmuisation
with vaoedm cetaining adjuvants (8). Imever. we decided on thi
Proedr preesribe in wpite of thun becase toayemyadiorbate
taxoeda Ire availahbe -morially the U ederl elpoblie anM the
practicing physician is restrieted to these pwerpzations.

sin** eftu reativev few VaAUt inavdiwials were available
for the espelent, we have restrieted the extent of the IVestigatiM
somewhat. In plaee of a arger of pe ps of ndA14608s whore
it v**ld have been possible to vary the Interval between the two In-.
•jeotifts em atly. w a_ t faumed, In vime of the telatove total
number, only two pwa aW operated merely with a urdfom shcrtendng
of the Inetval io 1d• a4s. • int l a t wes e lactd la erder to
test ýwhebr it VwAUl be possble to A"ese MMaAtISUM I& as lb-
Servel at "M Oieh 1WRAl eMl be sis a resmbleS welqa~ to tue
Ineubautia tmof ato"tme. Roe. (3) roefts OW Ws Waterial emly
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15A of cases of tetanus vhere the period of incubation was shorter
than 2.0 days.

Since we ant±~pated that this interval would possibly be in-
suaficient in order to accelerate the re.sult of vaccination, we con.
bined, in the second vactinating plan, the shortoning of the inter-
val of vaccination to 10 days with an increase of the number of
±ineoctons and consequently also of tho total antigen dose.

The result of the inveatigations in Group I showed that the
shortening of the interval as agminut the oustoeary interval of 4-6
weeks &oes not a1oelertie the resnlt of vaccination. The aritieal
antibody concentration is reached by most of the individuals tested
only after four weeks. Hoever, there was available, on the 39th day,
an adequately high, even thaou not entirely satisfactory antibody
titer itich testifies that the basic iminnizatiao was successful in
spite of the short interva1l We may prudently consider, in view of
the sha. naber of iadividals, that in urgent cases, e.g. in the
case Of early discharp oa a patient, the second dose ean follow 10
aays after start of Inouatiaen 'Ath an expectation of success.
However, it should be considered that the first "naeetion In our em-
porAlents 9oseitituted deable the customary dose.

Inreaee of the amber of iection. and therefore also of the:
total antigoa in the seoom4 vaccination plan led to another result.
On the 20th day after start. of 1nuniztion, ovar 80% of tho indivi-
duals reached an antitadn oonoe,•ratim in the serum at'which probea-
bly affords protection agalnst toetams. hether the possibility of
aotively scseleratIag the fouition of tetan"as atitu.n has sigatfi..
cane in preatice, Er in eases of "n) , we ewe wnable to say.
There is no doubt Mat t is peasible, in the mnw described, to I
create a certain anAtt a cmeeantat~in iA Uhe blood w•thia a eon-
sidereblo pezrestage of the periods of iwiata~m of tetams. 10-25%,
Of aLl tetam oases are alleed to haVe periods of Inbation of
more than 20 days (5, 6). However, thene is still the question Mba-
ther the period of ieubato repreneuts the am fastor which has
decisive Importance for t+es reatiot of aetive teMns lM&nVty in
the reae with the sitbees 6f the ollzdoel glakws. PerbaPs G.tirO27
different pathoenstle ftaton are &we iportiant. FTheZwe, we

oeed to elarity, ft th ease of siatamous vaeo~ntian unAr the
cobtions described, m nabh a fft ed active IMANiMMoe afeets
Waaive lmudty. 4azses (1) did demonstrate that the aeoelersttem

ot the eliminatiof asatitMaD t~ the sailtanseay &&aetewd
taeld aem be eglaeted fIt e Me se 41m0taaseO PvcbY3.ai&.
X"er, etOWN Iam00 ti wins wi e taoe to m o the IntsaN of

the •lW•etiati of a ter M"&o ef t + of t ftUse si •dMtM at
givasiel &Ievuqe mstitd. wver, it yeah appear seatiala I&
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an event that it v.Li not be possible even with the forced active
iminization method utilised by us to convert the receding passive
antito•do e•mnity into an aotive 1;xuntY without aiJ g9p. Fna&A9,
the possibi1.•i voiced of f•oregaSig germ injection entiril.y because
high toxoid injectos can Is sad f cent3lv qidd.Y to an act.v,,7
farmod ant•body. concentration, finds no support In the Present, :mms-
tigations. It is entirely possble to discues the action and the
value of possibly 1ieed heteralegecs aa dns f various vlsw-
points but to replace then by a taoxid Wneotin on the basis of the
present imvestigations wouod be tantsmamnt to abandoz.ng the basis
of ocftzumed fiats.

Tuo gpoap of 16-17 perason each ver actively I•waixed
against totanus. The first roup received t- injeotions of 1.0 "Al
or 0.5 aca at an interval of 10 days. The second group reeieved a
total of 5 ijeatim of 1.0 am itialaly and 0.5 am subsequently
at intewvals of 2 days each. The vccine utmliued was tetanal, *at-
trol No. 44, of the Behring plants. The vaeclae wotained not less
tbaA 150 ineSASM ouM0 Waits pox 910. ?ricr and up to Uso 12Mt~
day after ate of vaceimtsie, repeated detw.aation of blood anal
twxn vas csxed oat six ties in Group I and seven ts in Group
1:. 0.005 ITU/cci 3sexýare regarded. as critical threshold value or
the antitucin ooentraeian in the blood. The dlvivid•ls8 ot the
first group res"ae andc emededd this valu. primt to týh 29th day
after start of %ununalsates. Oay 7 ot 3A Indvisalsl at this w~
had rdosebd andw -, aeI tbis ,.e an the 29th day. 1) of A"
17 1MtivdoMals of Group 1 had reached or oeoed4 this valne by the
1IMh day. 2M VeMa e aut~t A SntIM t U In te bloeed f ifti•vldUl.
of arwp 11 was at least 15 times a* hih en the IMt day as Maet of
the iw~viduals of Orem I and abmut 6 ~nsas hi" en tho N W &W,

(1) ko m, w., Ie,. . d. Usaeh. 89 (1959), 311.
(2) r,• a. L,. , Tetamse Probhr2,m wn r,,s o, Iaes, tuotgart

1960)

(4) D'A,•,, D.., S. Msaxie ANT. ZMARM. (Pari) so (1936). 317.

(5) Ro, 8. , Dth. Cheroge Ltg. a (1 ).

(6) A•,e . . L FwmaS : ,&s g 25 1DO),.S.

(7) awU. La... M mos M wbs, a. M&o*A_. 3 (1•1) 27.


